Evidence and guidelines do not support use of systemic steroids for acute respiratory tract infections (ARTIs), but such practice appears common. We aim to quantify such use and determine its predictors.
Methods and findings
We conducted a cohort study based on a large United States national commercial claims database, the IBM MarketScan, to identify patients aged 18-64 years with an ARTI diagnosis (acute bronchitis, sinusitis, pharyngitis, otitis media, allergic rhinitis, influenza, pneumonia, and unspecified upper respiratory infections) recorded in ambulatory visits from 2007 to 2016. We excluded those with systemic steroid use in the prior year and an extensive list of steroid-indicated conditions, including asthma, chronic obstructive pulmonary disease, and various autoimmune diseases. We calculated the proportion receiving systemic steroids within 7 days of the ARTI diagnosis and determined its significant predictors. We identified 9,763,710 patients with an eligible ARTI encounter (mean age 39.6, female 56.0%) and found 11.8% were prescribed systemic steroids (46.1% parenteral, 47.3% oral, 6.6% both). All ARTI diagnoses but influenza predicted receiving systemic steroids. There was high geographical variability: the adjusted odds ratio (aOR) of receiving parenteral steroids was 14.48 (95% confidence interval [CI] 14. 23-14.72 , p < 0.001) comparing southern versus northeastern US. The corresponding aOR was 1.68 (95% CI 1.66-1.69, p < 0.001) for oral steroids. Other positive predictors for prescribing included emergency department (ED) or urgent care settings (versus regular office), otolaryngologist/ED doctors (versus primary care), fewer comorbidities, and older patient age. There was an increasing trend from 2007 to 2016 (aOR 1. 93 
Introduction
Using systemic corticosteroids in the treatment of acute respiratory tract infections (ARTIs) in the outpatient settings is not recommended by clinical guidelines [1] [2] [3] . Data from randomized control trials (RCTs) show that systemic steroids are ineffective in the treatment of lower respiratory tract infections [4] . Similar-albeit more limited-data also show the lack of effectiveness of steroid use in the common cold [5] and otitis media [6] . Studies have shown mixed results on whether systemic steroids lead to faster symptom relief in pharyngitis [7] , and possibly also in sinusitis [8] .
By contrast, one meta-analysis of RCTs showed even a short course of systemic steroids in sinusitis with polyposis could result in a 3-fold increase in the risk of gastrointestinal disturbances and insomnia [9] . An observational study found that acute adverse events associated with short-term use of systemic steroids, including sepsis, venous thromboembolism, and fracture, can occur as early as the first 30 days of drug exposure [10] . Taken together, available evidence and professional society recommendations do not support prescribing systemic steroids for ARTI in ambulatory settings [1] [2] [3] .
Despite the lack of clear evidence for this clinical practice, one recent review estimated that 11% of adult outpatients with ARTIs across the US were treated with oral steroids and 23% in the state of Louisiana were treated with injectable steroids [11] . If true, such prescribing trends could be putting tens of thousands of patients at increased risk of adverse events without clear clinical benefits [1, 9, 10] . However, these prescribing rates were based on survey data, which may be subject to recall inaccuracy, particularly regarding details of medication use, such as dose and duration of the prescription [12] . Since these results were drawn from a limited number of years (2012-2013 for oral steroids and 2014 steroid injections), there was no ability to assess time trends. Finally, the data on injectable steroids were limited to one state, leaving open the question of whether there was any regional variation in clinical practice patterns.
To provide a more comprehensive assessment of US prescribing of systemic steroids for ARTI, we used a large claims database across 10 years with nationwide coverage and stratified patients by whether they received steroids associated with ARTI diagnosis via oral, intravenous, and intramuscular routes. We also sought to determine the regional differences and other predictors associated with this practice, since prior analyses have revealed that treating ARTI with steroid injections might be a common practice in the southern US [11] .
Methods

Study design and data sources
This is a cohort study based on retrospective analysis of a large commercial health insurance database, IBM MarketScan, from January 1, 2007, to December 31, 2016. It contains deidentified records of more than 250 million patients, capturing longitudinal, individual-level administrative claims data from the US, including three components: the Commercial Claims and Encounters Database, the Medicare Supplemental and Coordination of Benefits Database, and the Medicaid Database. Data were drawn from large employers, health plans, and public organizations in the US, providing information on plan enrollment, healthcare utilization and expenditures, demographics, integrated records for inpatient and outpatient events (including diagnosis and procedure codes), and pharmacy dispensings. This database includes individuals with private health insurance coverage but not those uninsured or with public insurance as the primary payor. Electronic outpatient pharmacy dispensing records are considered accurate because pharmacists fill prescriptions with little room for interpretation and are reimbursed by insurers on the basis of detailed, complete, and accurate claims submitted electronically [13] . Pharmacy dispensing information is usually seen as the gold standard of drug exposure information compared to self-reported information [12] or prescribing records in outpatient medical records [14] . The Institutional Review Board of the Brigham and Women's Hospital approved the study protocol and patient privacy precautions. This study is reported as per the REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) guideline (S1 Checklist). All analysis plans and definitions were specified prior to study implementation. The definitions of the study variables were based on literature and validation studies [11, [15] [16] [17] [18] . The study protocol is available as S1 Text in the supporting information online.
Study population
The study population was derived from patients aged 18 or older with an ARTI diagnosis recorded in an ambulatory visit between January 1, 2007, and December 31, 2016, without the same diagnosis recorded in the preceding 180 days. Eligible ARTI diagnoses included acute bronchitis, sinusitis, pharyngitis, otitis media, allergic rhinitis, influenza, pneumonia, and unspecified acute upper respiratory infections. To avoid including injectable or oral steroids prescribed in the context of patients with severe arthritis, we excluded encounters associated with rheumatology or orthopedic services as well as those with diagnoses of noninfectious arthritis or spondylosis on the cohort entry date and the preceding 180 days. We excluded patients if they were in nursing home in the 180 days prior to the cohort entry date (drug exposure data not available for these institutionalized patients). To ensure we have sufficient data to assess baseline comorbidities, patients were required to have continuous insurance enrollment and drug benefit coverage during the 365 days prior to cohort entry date. Patients were excluded if aged 65 or older, owing to their eligibility for the federal Medicare program (IBM MarketScan only has Medicare Supplemental but not fee-for-service Medicare claims). In addition, we excluded patients who were prescribed systemic steroids or with the medical conditions in the 365 days prior to the cohort entry date for which systemic steroids may be appropriate. These conditions include asthma, chronic obstructive pulmonary disease, inflammatory bowel disease, malignant neoplasm, organ transplant, interstitial lung disease, urticaria, rheumatoid arthritis, systemic lupus erythematosus, and systemic vasculitis (see S1 Text for definitions of these conditions).
Patient characteristics
We extracted and adjusted for the following covariates: age, sex, ARTI indications, geographical region, provider type (nurse practitioner, physician assistants, general medicine physicians [internists or family medicine doctors], medical specialists, or otolaryngology [ENT] doctors versus emergency department [ED] physicians), care location (regular office, urgent care, or walk-in retail clinic versus ED), employment status, insurance plan, related prescription drug use (nonsteroidal anti-inflammatory drugs, proton-pump inhibitors, histamine-2-receptor antagonists, antibiotics, antiplatelets, anticoagulants), and multiple comorbidities, including diabetes mellitus, hypertension, stroke, kidney dysfunction, dementia, obesity, heart failure, ischemic heart disease, atrial fibrillation, venous thromboembolism, urinary tract infections, human immunodeficiency virus (HIV) infection/acquired immune deficiency syndrome (AIDS), fractures, prior falls, gastroesophageal reflux disease (GERD), peptic ulcer disease, major bleeding events, bronchiectasis, connective tissue diseases, and remote history of nonseptic arthritis or spondyloarthropathy and a combined comorbidity score [19] (see S1 Text for definitions of these conditions). The baseline assessment period was the 365 days prior to the cohort entry date.
Study outcomes
The primary outcome was defined as having a dispensing record or a procedure code indicating use of systemic steroids orally and parenterally (including intravenous, intramuscular, and nonspecific injectable forms) within 7 days of cohort entry date. See S1 Text for details of the study outcome definitions. Follow-up began on the cohort entry date and continued until first of occurrence of outcome event, disenrollment from the insurance or drug coverage plan, death, hospitalization, or nursing home admission (IBM MarketScan only has outpatient dispending records that do not capture medication use in the hospital or skilled nursing facility) or 7 days after cohort entry date.
Primary and secondary analysis
The study outcome was measured as proportion per 100 patients. The association between patient characteristics and the outcome was assessed by univariate and multivariate logistic regression. Secondary analyses were conducted to test robustness of our findings. First, we repeated all our analyses after restricting to use of systemic steroids within 3 days of cohort entry. Second, we excluded patients with nasal polyps, since in the field of ENT, systemic steroids are commonly prescribed to treat sinusitis [20] , particularly sinusitis with polyposis [9] . All analyses were conducted using the Aetion platform and R, version 3.1.2.5 (R Foundation for Statistical Computing), which has been previously validated for use in observational studies [21, 22] and for predicting clinical trial findings [23] .
Results
A total of 41,322,229 patients with ambulatory encounters had one of the eligible ARTI diagnoses, and our study population consisted of 9,763,710 patients (mean age 39.6 years, female 56.0%, Fig 1) . With a mean follow-up of 6.35 days (standard deviation [SD] = 1.7 days), 11.8% of patients with an ARTI-related ambulatory visit were prescribed systemic steroids (46.1% parenteral only, 47.3% oral only, 6.6% using both routes; Table 1 ). Among systemic steroid users with detailed medication information available, 45.5% were prescribed prednisone equivalents of <20 mg, 23.5% 20-39 mg, and 30.9% �40 mg. Most (84.7%) were prescribed a steroid prescription of 7 days or fewer, 14.8% 8-29 days, and 0.5% �30 days (Table 1 ).
Systemic steroid use by ARTI indication
Among patients with an ARTI diagnosis in an outpatient setting, those diagnosed with acute bronchitis was associated with the highest odds of receiving systemic steroid (adjusted odds ratio [aOR] 2.70, 95% confidence interval [CI] 2.68-2.72, p < 0.001), followed by acute sinusitis (aOR 2.03, 95% CI 2.02-2.04, p < 0.001), pneumonia (aOR 1.80, 95% CI 1.77-1.82, p < 0.001), allergic rhinitis (aOR 1.74, 95% CI 1.72-1.75, p < 0.001), otitis media (aOR 1.43, 95% CI 1.42-1.45, p < 0.001), pharyngitis (aOR 1.42, 95% CI 1.41-1.43, p < 0.001), and acute upper respiratory infections (aOR 1.23, 95% CI 1.22-1.24, p < 0.001). Among those with an ARTI diagnosis, having a diagnosis of influenza was associated with lower odds of receiving systemic steroids (aOR 0.65, 95% CI 0.64-0.66, p < 0.001; Table 2 ).
Geographical variability
We found remarkable regional differences. Patients seeking care for ARTI in the South were 3.78 times (95% CI 3.75-3.81, p < 0.001) more likely to be prescribed a systemic steroid than those cared in the Northeast. Such prescribing differences were more pronounced for parenteral steroids than for oral steroids. The aOR of receiving parenteral steroids was 14.48 (95% CI 14.23-14.72, p < 0.001) comparing the South versus Northeast, and the corresponding aOR was 1.68 (95% CI 1.66-1.69, p < 0.001) for oral steroids (Fig 2 and Table 3 ).
Provider type and care location
Compared to general medicine physicians, ENT specialists were associated with the highest prescribing rate of systemic steroids for ARTI (aOR 1.48, 95% CI 1.46-1.50, p < 0.001), followed by ED physicians (aOR 1.16, 95% CI 1.15-1.17, p < 0.001), physician assistants (aOR 1.10, 95% CI 1.08-1.12, p < 0.001), nurse practitioners (aOR 1.10, 95% CI 1.08-1.11, p < 0.001), and medical specialists, who had a lower rate (aOR 0.68, 95% CI 0.67-0.69, p < 0.001; Table 2 ). Compared to ambulatory care office visits, systemic steroids were more likely to be prescribed to treat ARTIs in urgent care (aOR 1.27, 95% CI 1.26-1.28, p < 0.001), followed by ED (aOR 1.19, 95% CI 1.18-1.21, p < 0.001), and they are less likely to be prescribed in walk-in retail clinics (aOR 0.65, 95% CI 0.60-0.70, p < 0.001; Table 2 ).
Comorbidities
Individual comorbidities negatively associated with odds of systemic steroid prescribing were diabetes, kidney dysfunction, liver disease, dementia, venous thromboembolism, major bleeding events, GERD, bronchiectasis, urinary tract infections, HIV/AIDS, and bronchiectasis. Using a validated combined comorbidity score [19] , patients with more comorbidities were associated with a lower odds of receiving systemic steroids. Use of antibiotics, proton-pump inhibitors, antiplatelets, and nonsteroidal anti-inflammatory drugs were positively associated with odds of systemic steroid prescribing ( Table 2 ).
Time trend
Prescribing of systemic, parenteral, and oral steroids for ARTI all increased from 2007 to 2016 (p < 0.001 for all three, Fig 3) . The prescribing rate for systemic steroids in 2016 was almost 
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double that of 2007 (aOR 1.93, 95% CI 1.91-1.94). The corresponding aOR was 1.33 (95% CI 1.31-1.35) for parenteral steroids and 2.74 (95% CI 2.71-2.78) for oral steroids (Fig 3) .
Sensitivity analysis
When restricting to systemic steroid use within the first 3 days of ARTI diagnosis, the prescribing patterns were similar to that for steroid use in 7 days of ARTI diagnosis (Table 1) , and the results of all analyses were similar (see S1 and S2 Tables). After excluding patients with nasal polyps, our estimates for all analyses were not materially changed, and ENT physicians were still associated with an aOR of prescribing systemic steroids of 1.47 (95% CI 1.45-1.48) when compared to the general practitioners.
Discussion
Using a national sample of privately insured US patients over the last decade, we found 11.8% of patient encounters with ARTI resulted in receiving systemic steroid treatments. Such prescribing has almost doubled from 2007 to 2016, with patients far more likely to receive this care-particularly injectable steroids-in the southern US, even though use of systemic steroid treatments for ARTIs lacks clear scientific justification. Providers in the ED and urgent care, as well as ENT specialists, were more likely to be prescribers. Use of steroids for ARTIs has been increasing over time, with as many as 16.3% of US patients with an ARTI diagnosis aged 18-64 years-or 10.6 million people-receiving such treatment in 2016.
Our estimates of systemic steroid use for ARTI were consistent with a prior study that used national survey data and local administrative data [11] . We further quantified such prescribing by route of administration and found a disproportionally high prescribing rates in the southern states than in other states, especially for the parenteral routes [11] . We did not find any meaningful differences in patient demographics, ARTI indications, care settings, provider types, and patient comorbidities that can explain the remarkable geographical variability in steroid use for ARTI (S3 Table) . To put geographical variations of patient characteristics into N = 9,763,710, N Receiving steroids � , N = 1,154,378, N (% perspective, the observed risk ratio of 3.78 associated with the southern region could only be fully explained by an unmeasured confounder that was associated with both the southern region and steroid prescribing by a risk ratio of 7.02-fold each [24] , above and beyond the adjusted factors. By the same formula, only an unmeasured confounder associated with both the southern region and steroid prescribing by a risk ratio of 28.45-fold each could account for the 14-fold increased odds of receiving parenteral steroids in the South [24] . The aORs comparing the southern region to all other regions were far smaller than these required thresholds (S3 Table) . Given lack of convincing evidence to guide such practice, it is not surprising we did not identify any objective factors associated with it. The regional difference therefore are most likely related to local culture, physician preferences, and patient expectations. There were some similarities of the regional differences in the use of systemic steroids versus antibiotics for ARTI, in which the highest prescribing rates of both systemic steroids and antibiotics for ARTI were observed in the southern states [25] . Since both practices are potentially inappropriate, future research is warranted to investigate the possible impact and interactions of the two practices on clinical outcomes by region. There was very little evidence supporting prescribing systemic steroids for ARTI. As for oral steroids, data from RCTs have shown that treating pharyngitis with systemic steroids may shorten time to resolution of sore throat [7] . For acute sinusitis, meta-analysis of RCTs has deemed systemic steroids to be ineffective as monotherapy, and the small benefit in symptom relief when used as an adjuvant therapy with antibiotics could possibly be explained by attrition bias [8] . An RCT also revealed that systemic steroids are ineffective in the treatment of lower respiratory tract infections [4] . All the prior RCTs investigating systemic steroid use in community-acquired pneumonia recruited hospitalized patients; among them, steroids as adjuvant therapy to proper antibiotics were shown to reduce mortality and morbidity only in patients with severe pneumonia but not for those with nonsevere pneumonia, casting doubt on generalizing the effectiveness to the ambulatory settings [26] . There were very limited RCT data in steroid use in common cold (only intranasal steroids were studied, which was shown to be ineffective [5] ) and otitis media (only pediatric population was studied, which was found to be ineffective [6] ). With questionable benefits and substantial risks [9, 10] , treating ARTI with systemic steroids has not been recommended by clinical guidelines [1] .
Systemic steroid prescribing rates were the highest in urgent care or ED. Because the only demonstrated benefits associated with systemic steroid use in ARTI is symptomatic relief, it is possible people with more severe symptoms seek medical attention in urgent care or ED settings, leading to steroid prescriptions. We found that people with more complex comorbidities are less likely to receive systemic steroids for ARTI. It is plausible that providers are less inclined to prescribe steroids to these vulnerable populations who are more susceptible to 
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Prescribing systemic steroids for acute respiratory tract infections in the US developing serious side effects from systemic steroid use [27, 28] . However, adjusting for individual comorbidities, older age was predictive of more steroid prescribing in ARTI. As older age is a strong risk factor for steroid-related complications, including gastrointestinal bleeding [29] , sepsis [30] , venous thromboembolism [31] , and osteoporotic fracture [32] , these findings convey an urgent need to reduce this potentially harmful practice. We also found a steadily increasing trend in prescribing systemic steroids from 2007 to 2016 that was more pronounced for oral than parenteral steroids. The studies showing systemic steroids can lead to faster symptom relief in some limited ARTI indications [7-9] may have encouraged use over time for patients with more severe symptoms. Other factors contributing to this trend could include low prices for steroid prescriptions-for example, numerous oral steroids are often available on $4 generic lists that pharmacies started promoting about a decade ago [33] -and payers' increasingly choosing to integrate patient quality ratings into provider reimbursement. Surveys show that patients often feel better about their physician visits when that visit results in a prescription or other interventions [34] , although in this case, the prescriptions do not have supporting evidence behind them.
Our results call for an effective medical education program to help disseminate the messages about the potential risks and limited benefits of steroid prescribing in the context of ARTIs, faithfully reflecting totality of the existing evidence. For example, both physicians and patients should be well informed that treating pharyngitis with systemic steroids may shorten time to resolution of sore throat by about 11 hours [7] , at the cost of some potentially serious side effects, including gastrointestinal disturbances, insomnia, sepsis, venous thromboembolism, and fracture, which can occur as early as the first 30 days after a short-term use [9, 10] . Investing in medical education programs to help transform clinical practice in this area would improve patient outcomes and reduce health system spending on managing the side effects of such non-evidence-driven care.
Our study has some limitations. First, our primary outcome was systemic steroid prescription within 7 days of ARTI diagnosis, and the indication was not written directly on the prescription or dispensing record. It is possible that some of the prescriptions were not intended to treat ARTI. To minimize erroneous association with the steroid use, we excluded patients with an extensive list of medical conditions for which systemic steroid use may be appropriate as well as those exposed to systemic steroids in the prior year. Also, our sensitivity analysis assessing steroid use within 3 days of ARTI diagnosis showed very similar results (Table 1) . Second, we could not stratify our analysis by severity of symptoms because such information was not available in the IBM MarketScan database. However, this limitation should not affect the implication of our findings, as evidence suggests prescribing systemic steroids for ARTI may not be associated with a favorable risk-to-benefit ratio regardless of symptom severity [9, 10] . Third, since we excluded a wide range of steroid-indicated conditions, including asthma, chronic obstructive pulmonary disease, malignancy, and many allergic and autoimmune diseases, our findings cannot be generalized to patients with these conditions as comorbidities. The definitions of the conditions used for inclusion/exclusion criteria were based on prior literature and validation studies [11, [15] [16] [17] [18] . As none of these algorithms is perfect, misclassification of our study variables is possible. However, given that we excluded those who received systemic steroids in the year prior to the cohort entry, our estimated prescribing rates for ARTI is probably conservative. Lastly, our findings are based on patients aged between 18 and 64 years with commercial medical insurance and may not be generalizable to older populations or patients with public health insurance coverage.
Despite these limitations, we found 11.8% of ARTI encounters results in patients being treated with systemic steroids. Such prescribing has been steadily increasing from 2007 to 2016 and is far more common in the southern US. These findings call for an effective medical education program to reduce this practice, which lacks clear scientific justification. 
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